Background-Hospitals with primary percutaneous coronary intervention (PPCI) capability may choose to predominately offer PPCI to their patients with ST-segment elevation myocardial infarction (STEMI), or they may selectively offer PPCI or fibrinolytic therapy based on patient and hospital-level factors. Whether a greater level of hospital specialization with PPCI is associated with better quality of care is unknown. Methods and Results-We analyzed data from the National Registry of Myocardial Infarction-4 to compare in-hospital mortality and times to treatment in STEMI across different levels of hospital specialization with PPCI. We divided 463 hospitals into quartiles of PPCI specialization based on the relative proportion of reperfusion-treated patients who underwent PPCI (Յ34.0%, Ͼ34.0 to 62.5%, Ͼ62.5 to 88.5%, Ͼ88.5%). Hierarchical multivariable regression assessed whether PPCI specialization was associated with better outcomes, after adjusting for patient and hospital characteristics, including PPCI volume. We found that greater PPCI specialization was associated with a lower relative risk of in-hospital mortality in patients treated with PPCI (adjusted relative risk comparing the highest and lowest quartiles, 0.64; Pϭ0.006) but not in those treated with fibrinolytic therapy. Compared with patients at hospitals in the lowest quartile of PPCI specialization, adjusted door-to-balloon times in the highest quartile were significantly shorter (99.6 versus 118.3 minutes; PϽ0.001), and the likelihood of door-to-balloon times exceeding 90 minutes was significantly lower (relative risk, 0.78; PϽ0.001). Adjusting for PPCI specialization diminished the association between PPCI volume and clinical outcomes. Conclusions-Greater specialization with PPCI is associated with lower in-hospital mortality and shorter door-to-balloon times in STEMI patients treated with PPCI. (Circulation. 2006;113:222-229.) 
H ospitals with primary percutaneous coronary intervention (PPCI) capability must make strategic decisions about delivering reperfusion therapy to patients with STsegment elevation myocardial infarction (STEMI). These facilities may try to exclusively provide PPCI, or they may provide either PPCI or fibrinolytic therapy on an individual basis according to patient-and hospital-level factors. 1, 2 There are few data to inform this decision. It is possible that hospitals that routinely provide both PPCI and fibrinolytic therapy are able to deliver reperfusion faster and more Clinical Perspective p 229 effectively than hospitals that use a single approach. Alternatively, it may be that hospitals committed to PPCI provide better care by eliminating additional clinical decision-making steps and streamlining processes of care.
Our goal was to provide evidence about the potential advantages of these different strategies. Accordingly, we assessed in-hospital mortality rates and treatment times in patients who received reperfusion therapy as a function of hospital PPCI specialization. We use the term "specialization" to refer to the relative proportion of reperfusion-treated patients (PPCI plus fibrinolytic therapy) treated with PPCI, a concept that is distinct from the overall number of STEMI patients treated or PPCIs performed at a hospital (ie, hospital volume). Our findings may have important policy implications for US hospitals, as the growing availability of PPCI makes it likely that an increasing number of STEMI patients will be treated at hospitals with the capacity to provide both types of reperfusion therapy.
Methods

Data Sources
The National Registry of Myocardial Infarction (NRMI) is an ongoing observational study of acute myocardial infarction patients admitted to participating hospitals in the United States. We included patients in the NRMI-4 cohort admitted between January 1, 2000, and December 31, 2002. Details of NRMI hospitals, cohorts, and data collection methods have been described elsewhere. 3 In brief, the NRMI protocol specifies that all consecutive patients with the diagnosis of acute myocardial infarction are enrolled. Cases are screened according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) discharge diagnosis code of 410.X1. Myocardial infarction is confirmed on the basis of a suggestive patient history and 1 or more of the following criteria: (1) Cardiac biomarker elevation; (2) ECG evidence; and (3) scintigraphic, echocardiographic, or autopsy evidence.
The validity of NRMI data collection has been established through a comparison with the Cooperative Cardiovascular Project. 4 Institutional review board approval for data collection was obtained at participating centers in NRMI as required. Data on hospital characteristics were supplemented by using the 2000 American Hospital Association Annual Survey 5 and the SMG Marketing Group dataset. 6
Study Population
Patients with STEMI who were treated with PPCI or fibrinolytic therapy were eligible for this study. We included patients (1) with ST-segment elevation in 2 or more leads or left bundle branch block on their first ECG; (2) who presented within 12 hours of symptom onset; and (3) who were not transferred in from another acute-care hospital. So as to consider only patients who could have received either type of reperfusion, we excluded any patients with contraindications to fibrinolytic therapy or PPCI. These included active internal bleeding or known bleeding diathesis; recent surgery, major trauma, or traumatic cardiopulmonary resuscitation; chest pain resolution, known intracranial neoplasm, arteriovenous malformation, or aneurysm; recent cerebrovascular accident; severe uncontrolled hypertension; severe comorbid disease; patient or family refusal; and unsuitable coronary anatomy.
We also excluded patients (1) who presented to hospitals that did not perform PPCI (nϭ23 215 patients at 709 hospitals) or to hospitals that treated Յ5 patients per year with reperfusion therapy during the study period (nϭ539 patients at 70 hospitals) and (2) those with times from hospital arrival to treatment that were unknown or Ͼ6 hours (nϭ1034). Patients transferred to another acute-care hospital at the time of discharge (nϭ2627, or 7.1%) were considered as discharged alive and were included in our analysis. Because transfer rates were generally higher at discharge among hospitals with less PPCI specialization, we presumed that all of those patients survived their acute hospitalization period, an assumption that biased against hospitals with greater degrees of PPCI specialization. We also repeated our analysis after excluding those patients, and the results were not substantially different. The final study population comprised 37 233 patients treated at 463 hospitals.
Clinical Data and Hospital Specialization With PPCI
Patient records included data on demographics and cardiovascular and noncardiovascular comorbidities (history of myocardial infarction, coronary revascularization, chronic renal insufficiency, and stroke). Clinical data were available on presenting characteristics, including chest pain, symptoms of congestive heart failure, systolic blood pressure and heart rate, time of symptom onset, and time of hospital arrival. Available data from the diagnostic ECG included location of myocardial infarction and extent of lead involvement.
PPCI specialization at each hospital was determined by the percentage of reperfusion-treated patients who received PPCI. For example, a hospital that used PPCI to treat 30 of 40 reperfusiontreated patients had a rate of PPCI specialization of 75%, which was higher than that of a hospital that used PPCI to treat 75 of 150 reperfusion-treated patients (ie, a 50% PPCI specialization rate) despite the former having a lower overall number of PPCI and reperfusion-treated cases.
Data Analyses
The study population for our analyses was divided into 2 cohorts based on whether the patients were treated with PPCI or fibrinolytic therapy. Our primary outcome was in-hospital mortality. As a secondary outcome, we also assessed time to reperfusion. Time to reperfusion for PPCI was defined as the time from hospital arrival to first balloon inflation (ie, door-to-balloon time). Time to reperfusion for fibrinolytic therapy was the time from hospital arrival to initiation of drug infusion (ie, door-to-needle time). In both cohorts, we assessed for absolute differences in time to treatment as well as the likelihood of "delayed" reperfusion. Consistent with treatment guidelines, 1 we considered PPCI to have been delayed when doorto-balloon times were Ͼ90 minutes and fibrinolytic therapy to have been delayed when door-to-needle times were Ͼ30 minutes.
For the main analysis, we categorized hospitals into 4 quartiles on the basis of the relative proportion of reperfusion-treated patients treated with PPCI: Յ34.0%, Ͼ34.0 to 62.5%, Ͼ62.5 to 88.5%, and Ͼ88.5%. Unadjusted analyses evaluated differences in patient and hospital characteristics across quartiles of patients in the PPCI and fibrinolytic cohorts, with ANOVA tests used for continuous variables and 2 tests used for categorical variables. Multivariable hierarchical logistic-regression models examined the independent relation between PPCI specialization and the likelihood of (1) in-hospital mortality and (2) delayed reperfusion. Multivariable hierarchical linear-regression models evaluated the independent relation between PPCI specialization and (1) door-to-balloon times and (2) door-to-needle times.
Models were adjusted for the following patient and hospital characteristics: Demographics, comorbidities, prior myocardial infarction or revascularization, chest pain, systolic blood pressure, heart rate, Killip classification, performance of a prehospital ECG, ECG findings, time from symptom onset to hospital arrival, time and day of presentation (weekdays between 8 AM and 6 PM or other), hospital location and teaching status, and the presence of on-site cardiac surgery.
Given its strong correlation with PPCI specialization (R 2 ϭ0.34, PϽ0.001), we adjusted for hospital volume in several ways. First, we categorized low-and high-volume hospitals according to a threshold of 50 PPCI cases per year. This categorization was based on the median number of PPCI cases at hospitals in our study population and earlier reports from NRMI. 7 Next, we performed additional analyses with different cutoffs for PPCI volume (Ͻ30, 30 to 70, Ͼ70) and estimates for hospital volume based on the number of STEMI cases per year (Ͻ50, 50 to 150, Ͼ150). Because there were no substantial differences in outcomes across these analyses, we report results of the first analysis for ease of interpretation. In addition, we examined the association between PPCI specialization and clinical outcomes before and after adjusting for PPCI volume, as well as the association between PPCI volume and clinical outcomes before and after adjusting for PPCI specialization. Finally, we constructed models to test for interaction effects between PPCI specialization and volume as well as repeating our analyses separately in low-and high-volume hospitals.
We used hierarchical models to account for clustering of patients both within hospitals (the unit of enrollment in NRMI) and reporting study periods. In all models, the intercept and calendar time at admission were modeled as random effects to account for hospitalspecific effects. Odds ratios from the multivariable logisticregression models were converted into risk ratios. 8 Before the analysis, door-to-balloon and door-to-needle times in the multivariable linear-regression models were logarithmically transformed because of their skewed distributions. To improve clinical interpretation of the results, we transformed these values back into their original units, ie, minutes, by using geometric means 9,10 and simulation techniques. 11 We used bootstrapping techniques that drew random samples of 1000 replicas from our dataset to internally validate several of our findings; overall, we found consistent results across our unadjusted and adjusted analyses. All analyses were performed with SAS version 9.1 (SAS Institute Inc) and Stata SE version 8.0 (Stata Corporation).
Results
We identified 37 233 patients treated with PPCI or fibrinolytic therapy at 463 hospitals. Of these, 22 387 (60.1%) patients were treated with PPCI, and 14 846 (39.9%) were treated with fibrinolytic therapy. PPCI specialization varied widely across the 463 hospitals, with the mean percentage of patients who received PPCI ranging from Ͻ1% to 100% (median, 63.0%; interquartile range, 34.5% to 88.5%). Because of the large size of the dataset, statistically significant differences were found in patients for several variables across quartiles of PPCI specialization; however, for many variables, absolute differences were small and were not deemed clinically significant. Table 1 and Table 2 display key patient-and hospital-level characteristics for which substantial differences were found across quartiles of PPCI specialization. Patients treated with PPCI at hospitals in the lowest quartile of PPCI specialization were often at higher risk and were more likely to present during usual working hours. In general, patients treated at hospitals in the highest quartile of PPCI specialization were more frequently cared for at higher-volume hospitals and hospitals with on-site cardiac surgery, compared with those at hospitals in the lowest quartile.
Greater PPCI specialization was associated with lower in-hospital mortality for patients treated with PPCI (Table 3) . For example, patients treated with PPCI at hospitals in the highest quartile of PPCI specialization had a nearly 36% lower adjusted relative risk (RR) of in-hospital death compared with patients treated with PPCI at hospitals in the lowest quartile (RR, 0.64; 95% confidence interval [CI], 0.46 to 0.88; Pϭ0.006). PPCI specialization was not associated with in-hospital mortality for patients treated with fibrinolytic therapy (Table 4) . Table 3 and Table 4 also display times to reperfusion and the likelihood of receiving delayed reperfusion across quartiles of PPCI specialization. Overall, door-to-balloon times were shorter and door-to-needle times were longer for hospitals with greater PPCI specialization. The likelihood of a door-to-balloon time exceeding 90 minutes was significantly lower in patients treated with PPCI at hospitals in the highest quartile of PPCI specialization compared with the lowest quartile (RR, 0.78; 95% CI, 0.67 to 0.88; PϽ0.001), but the likelihood of door-to-needle times exceeding 30 minutes was significantly higher in patients treated with fibrinolytic therapy (RR, 1.43; 95% CI, 1.31 to 1.54; PϽ0.001).
Finally, PPCI specialization was associated with inhospital death in patients treated with PPCI before (RR for highest quartile versus lowest quartile, 0.67, 95% CI, 0.51 to 0.88; Pϭ0.004) and after adjusting for PPCI volume (RR for highest quartile versus lowest quartile, 0.64, 95% CI, 0.46 to 0.88; Pϭ0.006). In contrast, when we adjusted for all patient and hospital characteristics except PPCI specialization in the PPCI cohort, an annual PPCI volume of Ͼ50 was associated with a lower RR for in-hospital death (RR, 0.86; 95% CI, 0.75 to 1.01; Pϭ0.071) and a door-to-balloon time exceeding 90 minutes (RR, 0.86; 95% CI, 0.80 to 0.92; PϽ0.001) compared with a PPCI volume of Յ50 in patients treated with PPCI. However, the relation between PPCI volume and clinical outcome diminished after adjusting for PPCI specialization (RR, 0.96; 95% CI, 0.79 to 1.14; Pϭ0.58 for inhospital death; and RR, 0.96; 95% CI, 0.89 to 1.02; Pϭ0. 19 for door-to-balloon times exceeding 90 minutes).
We also found that there were no significant interaction effects (PϾ0.05) between PPCI specialization and PPCI volume on in-hospital mortality, door-to-balloon times, or door-to-needle times. When low-and high-volume hospitals were analyzed separately, the relation between greater PPCI specialization and improved clinical outcomes demonstrated similar trends in both categories of PPCI volume ( Table 5 ).
Discussion
We found that among hospitals with PPCI capability, their relative utilization of PPCI over fibrinolytic therapy as a reperfusion strategy in STEMI was directly related to their ability to provide PPCI in an effective and timely manner. We believe our findings have important clinical implications for hospitals providing reperfusion therapy in the United States. Although earlier studies have evaluated the influence of PPCI volume on clinical outcomes with PPCI in STEMI patients, 7,12 none have specifically examined the effect of PPCI specialization. Our findings suggest that the relation between PPCI specialization and clinical outcomes is independent of PPCI volume. In fact, adjusting for PPCI specialization diminished the relation between PPCI volume and clinical outcomes. PPCI specialization also appeared to be equally important at low-and high-volume hospitals, with no significant interaction effects noted between PPCI specialization and PPCI volume.
Based on recent clinical trial data, there is growing interest in expanding the use of PPCI as the principal strategy for reperfusion therapy in STEMI. 13 Many experts have promoted this strategy as a means to improve short-and long-term clinical outcomes, 14 and as a result, the use of fibrinolytic therapy in the United States has decreased in hospitals during the last decade while PPCI rates have nearly tripled. 15 In addition, hospitals without on-site cardiac surgery that previously performed diagnostic cardiac catheterization only are now performing PPCI in patients with STEMI. 16 However, given the intensive resources required for 24hour PPCI availability, it is likely that many hospitals will be unable to provide PPCI exclusively. In our study population, for example, only 1% of hospitals exclusively used PPCI, and Ͼ50% of hospitals used it in less than two thirds of patients. When hospitals utilize both strategies, it is possible that times to treatment may be compromised. Doorey and colleagues 17 found that the introduction of PPCI at a single hospital that had previously used only fibrinolytic therapy led to substantial delays in delivering both types of reperfusion therapy. In many cases, confusion over which therapy to institute was cited as a reason for the delays by emergency department physicians in that study. Overall, the challenges of providing PPCI in an effective and timely manner may be greater than those for fibrinolytic therapy. With PPCI, streamlining the processes of care involves several groups of physicians and support staff. 18 It also typically requires incorporating system-wide measures outside the emergency department, such as early activation of the cardiac catheterization laboratory. These complex factors may explain why specialization was related to better clinical outcomes for PPCI but not for fibrinolytic therapy, which is provided as a drug infusion and requires fewer resources for delivery. However, we did note that door-to-needle times were worse at hospitals in the highest quartile of PPCI specialization. Although this may be due to selection bias against the use of fibrinolytic therapy at these hospitals, hospitals with greater PPCI specialization may need to be vigilant for treatment delays in patients treated with fibrinolytic therapy.
The significance of our findings includes their potential for policy application at the hospital level. As opposed to PPCI volume, increasing the degree of PPCI specialization may be achievable for many hospitals and could translate into lower in-hospital mortality rates and shorter door-to-balloon times. In this regard, PPCI specialization reflects the commitment of a hospital to maximize procedure benefit rather than increas- ing experience through a larger number of cases. From a healthcare system perspective, an additional benefit is that increasing PPCI specialization does not require reallocating large numbers of patients across hospitals. 19 Of course, the ability to improve PPCI specialization may be unattainable for some hospitals, given that substantial resources may be required to provide 24-hour availability. Hospitals operating under this scenario may need to consider approaches for better coordinating the use of both types of reperfusion therapy, such as the development of explicit protocols to rapidly guide patients based on their risk and time of presentation. Importantly, our use of the term specialization is distinct and specific. It should not be confused with previous studies that have linked clinical outcomes to certain provider or hospital characteristics. Particularly in the cancer literature, specialization has had a wide variety of meanings, from greater knowledge or technical expertise among clinicians to specialized equipment or resources at large hospitals to unique organizational structures in healthcare systems. 20 -22 It is also not uncommon for specialization to refer to the absolute number of procedures at a hospital or by a provider, both of which have been shown to be associated with clinical outcomes in several surgical and medical conditions. 23, 24 Our analysis should be interpreted in the context of the following study design issues. First, NRMI collects voluntarily reported data from participating hospitals. Although NRMI hospitals do include a wide variety of acute-care hospitals (1 in 4 hospitals in the United States contributed to NRMI-4), these centers generally tend to be larger than nonparticipating hospitals. Second, this was an observational study, and there is the potential for residual confounding despite adjustment for several patient-and hospital-level covariates. For example, PPCI specialization may simply reflect a greater degree of physician or hospital resources at that institution for which we were unable to account, such as higher individual provider volumes. Our findings therefore need to be confirmed in other registries. Finally, although we have demonstrated a strong association between PPCI specialization and improved clinical outcomes, this analysis is unable to determine whether the relation is causal.
Hospitals and healthcare systems will face several challenges as the use of PPCI continues to expand to more facilities across the United States. These challenges may be especially important for hospitals that are unable to provide PPCI exclusively for their patients with STEMI. Because PPCI specialization is associated with lower in-hospital mortality and shorter door-to-balloon times, hospitals that perform PPCI may improve clinical outcomes by more exclusively committing to PPCI as a reperfusion strategy. However, if greater PPCI specialization is not possible owing to logistical constraints, innovative approaches may be needed to maximize the clinical benefit of reperfusion therapy. CI indicates confidence interval. Other abbreviations are as defined in text. *Quartiles of PPCI specialization were constructed separately for low-and high-volume hospitals based on the proportion of reperfusion-treated patients treated with PPCI. All values were adjusted for both patient and hospital characteristics.
